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PLFURPHFKDQLFDODQDO\VLVRIPRGHODQGPHFKDQLVPVRQWRUVLRQDOONQRZQPRGHOVDQG
PHFKDQLVPVRIGDPDJHDSSHDULQWKHFDVHRIVWXG\RQWRUVLRQORDGEHFDXVHUHLQIRUFHPHQW
KDVDGRPLQDQWUROHLQWKHFUDFNLQLWLDWLRQDQGFUDFNSURSDJDWLRQGXULQJWKHH[SHULPHQW
7KHDSSHDUDQFHRIFULWLFDOVWDWHRIVWUHVVDQGZLWKLWDFUDFNLVFRQQHFWHGZLWK¿EHUPDWUL[
GHERQGLQJDIWHUZKLFKWKH¿EHUVFUDFNHG
'XULQJH[SHULPHQWVLWZDVREVHUYHGWKDWDWORZHUPRPHQWORDGLQJFUDFNVZHUHORFDWHG
QHDUWKHKROORZOD\HUVIURPWKHUHWKH\VSUHDGLQWKDWZD\SRLQWLQJWRWKHKLJKLQÀXHQFHRI
KROORZQHVVDVWKHFDXVHRIGDPDJH0RUHRYHULWZDVQRWLFHGWKDWWKHUHZHUHPRUHEUHDNV
RQWKHRXWHUDQGLQQHUVXUIDFHVRIWKHSLSHZKLFKZHUHORDGHGWKHPRVWGXULQJWHVW7KH\
DUHLQFUHDVLQJLQOD\HUVZLWKWKHLQFUHDVHRIVWUDLQOHYHO/RFDOGHIRUPDWLRQVDSSHDUDURXQG
WKHPDLQEUHDNDQGDORQJWKHGLUHFWLRQRIEHQGLQJUHLQIRUFHPHQW:LWKWKHLQFUHDVHRI
VWUHVVDQGVWUDLQGHODPLQDWLRQDSSHDUVZKLFKLVLQLWLDWHGIURPWKHPDLQEUHDNDQGGHYHOR
SHGEHWZHHQWKHOD\HUVRIWKHVWUXFWXUHZKLFKFDQEHVHHQIURPWKH6(0PLFURJUDSKV
VKRZQLQ)LJDQG)LJ
0LFURPHFKDQLFDODQDO\VLVRIIDLOXUH
&KDUDFWHUDQGDSSHDUDQFHRIDOOEURNHQSLSHVLVW\SLFDOIRUWKHEUHDNVPDGHE\WRUVLRQ
)LJ
Fig. 3. $ZLHZRIFRPSRVLWHSLSHVDIWHUWRUVLRQEUHDN
Fig. 4. 7\SLFDOGHODPLQDWLRQLQWKHSLSHVXEMHFWHGWRWRUVLRQ
2QWKHEURNHQVDPSOHVHYHQDWORZPDJQL¿FDWLRQLWLVSRVVLEOHWRVHHDOOFKDUDFWHULV
WLFVRIWKHEUHDNRIPDWHULDOZLWKWKHFRPSOLDQFHRIqq)LJ
%UHDNRIWKHOD\HURIRULHQWDWLRQqZLWKD[LDOEUHDNVDQGSXOOHGRXW¿EHUVZKLFK
VKRZVWKDWWKHVSUHDGLQJRIWKHEUHDNZDVGRQHZLWK¿EHUPDWUL[GHERQGLQJDQG
SXOOLQJRXWRI¿EHUV
([LVWDQFHRID[LDOEUHDNVQHDUWKHFRQQHFWLRQEHWZHHQWKHOD\HUVRQWKHVLGHRIWKH
OD\HURIRULHQWDWLRQq
7UDQVYHUVDOEUHDNRIWKHOD\HURIRULHQWDWLRQRIq LVPDLQO\WKURXJKWKHVXUIDFH
EHWZHHQ¿EHUDQGUHVLQEXWZLWKRXWWKHYLVLEOHFKDQJHVLQWKHUHVLQ7KHODFNRI
D[LDOEUHDNLQWKHOD\HURIRULHQWDWLRQRIqLVFKDUDFWHULVWLF
%ULWWOHEUHDNRI¿EHUVWKDWSRLQWVRXWWKHGRPLQDQWD[LDOFRPSRQHQWRIVWUDLQDQG
'HODPLQDWLRQ
&RPSOHWHSURFHVVRIGDPDJHDQGPHFKDQLVPRILWVGHYHORSPHQWFDQEHGHVFULEHGLQ
WKUHHSKDVHV
•
•
•
•
•
Fig. 5. 'HODPLQDWLRQRISLSHV
Fig. 6. 7KH¿EHUEUHDNLQWKHOD\HUV
,QLWLDWLRQRIWKHSURFHVVRIGDPDJHRQWKHOHYHORIPLFUREUHDNHLWKHULQWKHIRUPRI
DEUHDNRIWKHPDWUL[LQWKH]RQHVZLWKRXW¿EHUVRUOD\HUVRIVWUHQJWKHQLQJDQGWKH
VSUHDGLQJRQWKHERUGHUVXUIDFH¿EHUPDWUL[KDSSHQHGEHIRUHLW
'HODPLQDWLRQEHWZHHQWKHOD\HUVZKLFKKDSSHQHGDIWHUWUDQVYHUVDOEUHDNLQWKH
FDVHRISXUHO\VWUDLQLQJORDGLQJDQGRUEHIRUHWKDWLQWKHFDVHRISXUHO\LQQHUSUHV
VXUHORDGLQJ7KLVVFKHPHFDQEHFKDQJHGDFFRUGLQJWRWKHUHODWLRQVKLSRIWUDQV
YHUVDODQGVLGHVWUDLQVı]]ıșș7KHDSSHDUDQFHRIPLFUREUHDNKDSSHQVEHIRUHWKLV
GDPDJHDQG
)XUWKHUGHYHORSPHQWDQGFRQQHFWLRQRIWKHEUHDNVDQGGHODPLQDWLRQEHWZHHQWKH
RWKHUOD\HUVWKDWUHVXOWVLQWKH¿QDOEUHDN
'DPDJHZDVGLIIHUHQWGHSHQGLQJRQWKHSODFHZKHUHPLFUREUHDNVDSSHDUHG
,QWKH]RQHZLWKRXW¿EHUVWKHFUDFNVDUHQRUPDORQWKHGLUHFWLRQRIWHQVLRQDQGFD
XVHGWKHFUDFNLQJRIWKHPDWUL[
,QWKH]RQHZLWKORZGHQVLW\RI¿EHUVPLFUREUHDNVDUHGHYHORSHGDURXQGWKH¿EHUV
DQGFDXVHWUDQVYHUVDOEUHDNVDQG
,QWKH]RQHZLWKKLJKGHQVLW\RI¿EHUVPLFUREUHDNVLQFUHDVHGDQGFRQQHFWHGZLWK
ERUGHUVXUIDFH¿EHUPDWUL[WKHUHZDVWUDQVYHUVDOEUHDN
&21&/86,21
7HVWVUHVXOWVSURYLGHWKHNQRZOHGJHWKDWFDQEHYHU\XVHIXOWRWKHDQGEHFRPHDJRRG
EDVLVIRUWKHLQVWLWXWHVDQGSURGXFHUVRISLSHVPDGHRIFRPSRVLWHVJODVV¿EHUHSR[\UHVLQ
7KH\JLYHWKHLQIRUPDWLRQDERXWWKHIROORZLQJSDUDPHWHUV
0WHOVWDWLFWRUVLRQDOPRPHQWRQWKHERXQGRIHODVWLFGHIRUPDWLRQ
ĳHOWRUVLRQDQJOHRQWKHERXQGRIHODVWLFGHIRUPDWLRQ
0WORPPD[LPDOVWDWLFWRUVLRQDOPRPHQWRQDFUDFNLQJERXQGDQG
ĳORPWRUVLRQDQJOHGXULQJWRUVLRQDOPRPHQWRIFUDFNLQJ0t.
0LFURPHFKDQLFDODQDO\VLVFRQ¿UPHGDOOWKHRUHWLFDODVVXSWLRQVDQDO\VLVRIWKHFRQVH
TXHQFHVRIWRUVLRQRIFRPSRVLWHSLSHV,WFDQEHVHHQWKDWXQGHUVPDOOHUPRPHQWORDGLQJ
FUDFNVZHUHORFDWHGQHDUKROORZOD\HUVDQGIURPWKHUHWKH\VSUHDGVKRZLQJVWURQJLQÀX
HQFHRIKROORZQHVVDVDQLQLWLDWRURIWKHGDPDJH)XWKHUPRUHWKHVHEUHDNVZHUHKLJKHULQ
WKHQXPEHURQRXWHUDQGLQQHUVXUIDFHRIWKHSLSHZKLFKZHUHPRVWO\ORDGHGGXULQJWRU
VLRQ/RFDOFUDFNVDSSHDUDURXQGWKHPDLQEUHDNDQGDORQJWKHGLUHFWLRQRIUHLQIRUFHPHQW
:LWKWKHLQFUHDVHRIVWUHVVDQGVWUDLQDSSHDUVGHODPLQDWLRQWKDWLVDOVRLQLWLDWHGIURPWKH
PDLQEUHDNDQGGHYHORSHGIXUWKHUEHWZHHQOD\HUVRIVWUXFWXUH
7KHVLJQL¿FDQFHRIWKLVFRQWULEXWLRQLVPDQLIROG)LUVWRIDOOWKLVH[SHULPHQWVHWEDVH
DQGVHWDSSOLDQFHVDQGIROORZLQJHTXLSPHQWIRUIXUWKHUH[SHULPHQWV$OVRWKHPHWKRGR
ORJ\RIWKHZRUNZDVGHYHORSHGDVZHOODVWKHSURFHVVRIWHVWLQJ7KHSURSHUWLHVRISLSH
WHVWHGRQWRUVLRQPRPHQWVDQJOHVDUHIRXQGRXWDQGWKHVWUHVVDQGVWUDLQVFDQEHGHWHU
PLQHG7KHSLFWXUHRIWKHSURSHUWLHVDIWHUWRUVLRQRISLSHVLVFRPSOHWHZKHQDOONQRZQ
PRGHOVRIGDPDJHDQGPLFURPHFKDQLFDODQDO\VLVRIGHYHORSPHQWRIGDPDJHRIEUHDN
VXUIDFHRIWKHSLSHDUHFRQVLGHUHG
7KHUHIRUHLWFDQEHFRQFOXGHGWKDWWKHREWDLQHGUHVXOWVDUHQHZH[SHULPHQWDOFRQWUL
EXWLRQDQGWKH\FDQEHWDNHQDVDQRULHQWDWLRQDQGVWDUWLQJYDOXHVIRUVRPHIXUWKHUH[
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•
•
SHULPHQWV,QWKHHQGLWVKRXOGEHVDLGWKDWWKLVSUREOHPXSWRQRZKDVQRWEHHQGLVFXVV
V\VWHPDWLFDOO\DQGZLWKGXHSURIHVVLRQDOFDUH%HFDXVHRIWKDWWKHUHVSRQVLELOLW\LQWKH
SURFHVVRI¿QGLQJWKHVROXWLRQRIWKHFRPSOH[SUREOHPRIFRPSRVLWHSLSHVLVWKHUHIRUH
PRUHLPSRUWDQWDQGPRUHGHPDQGLQJ
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ɋɌȺɄɅɈȿɉɈɄɋɂɄɈɆɉɈɁɂɌɇɂɏɐȿȼɂ
ɋɥɚɜɢɲɚɋɉɭɬɢʄɆɚɪɢɧɚɊɋɬɚɦɟɧɨɜɢʄɉɪɟɞɪɚɝɋɋɬɚʁɱɢʄ
ȻɪɚɧɢɫɥɚɜȻȻɚʁɱɟɬɚɢɋɪɻɚɧɆȻɨɲʃɚɤ
Ⱦɨɦɢɧɚɧɬɧɨɫɬɩɪɢɦɟɧɟɰɟɜɢɢɡɪɚɻɟɧɢɯɨɞɤɨɦɩɨɡɢɬɚɫɬɚɤɥɟɧɚɜɥɚɤɧɚɟɩɨɤɫɢ
ɫɦɨɥɚʁɟɩɪɢɫɭɬɧɚɭɯɟɦɢʁɫɤɨʁɢɧɞɭɫɬɪɢʁɢɝɪɚɻɟɜɢɧɚɪɫɬɜɭɢɧɮɪɚɫɬɪɭɤɬɭɪɢɢɪɚɬɧɨʁ
ɬɟɯɧɢɰɢɐɟɜɢɢɡɪɚɻɟɧɟɡɚɨɜɭɧɚɦɟɧɭɫɭɭɟɤɫɩɥɨɬɚɰɢʁɢɢɡɥɨɠɟɧɟɞɟɥɨɜɚʃɭɤɚɤɨ
ɫɬɚɬɢɱɤɨɝɬɚɤɨɢɞɢɧɚɦɢɱɤɨɝɨɩɬɟɪɟʄɟʃɚɍɡɚɜɢɫɧɨɫɬɢɨɞɧɚɦɟɧɟɤɨɦɩɨɡɢɬɧɟɰɟɜɢ
ɩɨɝɨɬɨɜɨɭɤɨɧɫɬɪɭɤɰɢʁɚɦɚɫɥɨɠɟɧɨɝɰɟɜɨɜɨɞɚɦɨɝɭɛɢɬɢɨɩɬɟɪɟʄɟɧɟɧɚɭɜɢʁɚʃɟɍ
ɬɨɦɫɥɭɱɚʁɭɩɪɟɤɨɪɚɱɟʃɟɞɨɩɭɲɬɟɧɢɯɧɚɩɨɧɚɩɪɨɭɡɪɨɤɭʁɟɨɲɬɟʄɟʃɚɤɨʁɚɫɟɨɝɥɟɞɚʁɭ
ɭɭɜɢʁɚʃɭɢɩɭɰɚʃɭɜɥɚɤɚɧɚɩɭɰɚʃɭɦɚɬɪɢɰɟɢɪɚɫɥɨʁɚɜɚʃɚɞɟɥɚɦɢɧɚɰɢʁɟɍɡɚ
ɜɢɫɧɨɫɬɢɨɞɧɚɱɢɧɚɫɥɚɝɚʃɚɜɥɚɤɚɧɚʁɚɜʂɚʁɭɫɟɪɚɡɥɢɱɢɬɢɦɨɞɟɥɢɨɲɬɟʄɟʃɚɨɞɧɨɫɧɨ
ɩɨʁɚɜɟɩɪɫɥɢɧɚɁɛɨɝɬɨɝɚʁɟɜɪɥɨɜɚɠɧɨɞɚɬɢɨɰɟɧɭɩɨɧɚɲɚʃɚɤɨɦɩɨɡɢɬɧɟɰɟɜɢɢɡ
ɥɨɠɟɧɟɭɜɢʁɚʃɭɨɞɧɨɫɧɨɢɫɩɢɬɢɜɚʃɟɦɢɚɧɚɥɢɡɨɦɧɚɩɪɟɥɨɦɧɢɦɩɨɜɪɲɢɧɚɦɚɞɨʄɢ
ɞɨɡɚɤʂɭɱɚɤɚɤɨʁɢɫɭɦɨɞɟɥɢɢɦɟɯɚɧɢɡɦɢɤɨʁɢɫɟɩɪɢɨɜɨɦɨɩɬɟɪɟʄɟʃɭʁɚɜʂɚʁɭɢ
ɤɚɤɨɨɧɢɭɬɢɱɟɧɚɫɥɚɛʂɟʃɟɤɨɧɫɬɪɭɤɰɢʁɟɲɬɨɢʁɟɫɬɟɩɪɟɞɦɟɬɢɰɢʂɨɜɨɝɪɚɞɚ
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$FFHSWHG6HSWHPEHU